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FOREWORD

This report summarizes efforts to find suitable voltammetric
methods for analysis of nitrate esters and aromatic nitro compounds and
is presented in two parts under the general title, "Voltammetric Analy-
sis of Ordnance Materials." Part I (NWC TP 6505, published in April
1984) is "Detection and Quantitation of Nitrate Esters and Various
Nitro Compounds in Water by Voltammetry," and this report is Part 2.
We have included some material published previously in October 1981 as
NWC TM 4684 and have Incorporated updates to that material.

The work described in this report was performed as part of a
general program of electrochemical analysis of ordnance materials. The
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INTRODUCTION

A silver wire electrode has been found to be an effective working
electrode for the voltammetric determination of nitrate esters and
aromatic nitro compounds in water (Reference 1). The search for such an
electrode was prompted by interest on the part of ordnance facilities in

*the monitoring of effluent waters for contamination by materials such as
* propyleneglycoldinitrate (PGDN), nitroglycerin (NG), dinitrotoluene

(DNT), and trinitrotoluene (TNT). Commercially available voltammeters
are too expensive and complex for purposes of bench or field testing,
and a portable digital voltammeter has been developed at the Naval

SWeapons Center (NWC). The voltammeter was built by the Electronics
* Systems Branch at the request of the Instrumental Chemical Analysis

Branch. This report describes the construction, circuitry, software,
* and operation of the instrument.

GENERAL DESCRIPTION -

The voltammeter is designed to operate in conjunction with a silver
*wire working electrode, a platinum wire counter electrode and a standard

calomel electrode (SCE) or silver/silver chloride reference electrode.
* A diagram of the system is shown in Figure 1.

The control unit was designed to meet the following criteria:

1. Portable. Housed in aluminum instrument case. Size: 18 x 13

* x 5 inches (45 x 32.5 x 12.5 cm).

2. Semiautomatic. For simple operation by field personnel.
* Powered by conventional 115 V AC.

3. Drive solid electrodes with slow varying voltage ramps.

4. Take measurements of electrode currents for signal processing.

5. Calculate the contamination level in parts per million (ppm)
and -v t.h.i., vl on hr c .
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X-Y RECORDER

DIGITAL VOLTAMMETERSLI
CONTROL UNIT SOLIDRDE"

SOLUTION TO
PRINTOUT BE TESTED p

115V AC

FIGURE 1. Diagram of the Voltammeter.

Expected levels of contamination to be measured by the instrument
are in the range of 0.1 to 10 ppm. Although designed specifically to
measure contamination by PGDN, it can be used to measure contamination
by other nitrate esters and nitro compounds which have similar
voltammograms, e.g., NG, DNT, and TNT.

The equipment setup for performing the digital voltammeter test
consists of the electronic control unit and the test solution chamber
with solid electrodes. The test chamber apparatus will consist of the
test solution in the chamber, with means to support three electrodes in
the solution. A cable connects the control unit to the top of the solid
electrodes. The electronic control unit will sit on a workbench and
plug into 115 V AC for power. Three analog test points are provided on
the front panel to drive an X-Y recorder. Use of an X-Y recorder is not
necessary for normal use of this system.

A connector on the front panel mates the cable to the test
chamber. The cable has color-coded clips that readily attach to the
electrodes. A brief outline follows which describes basic operation of
a single testing of a test solution. . "

I. Prepare the test chamber.

2. Power on.

3. Run in BLANK mode.

4
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4. Prepare the chamber. Run in CAL (calibration) mode.

5. Prepare the chamber. Run in TEST mode.

6. Printer supplies hard copy of results.

7. Power off.

Each "run" will take a little less than 4 minutes to complete.

The system provides a slow varying voltage ramp to the electrodes.
As the ramp voltage increases in absolute value, the chamber solution
reacts chemically, characterized by a varying electric current in the
working electrode, which is proportional to the amount of chemical

contamination in the solution. This varying electric current is ampli-
fied, measured, and stored internally. The heart of the electronics
system is the Intel 8085 microprocessor. Under software control, the
system subtracts the background current from the current due to the -- -

contaminant, then the system calculates the concentration of contaminant
(range: 0.1 to 10.0 ppm) by comparison with the current obtained from a
known standard solution. The calculated concentration in ppm is
displayed and printed out on hard copy.

DESCRIPTION OF CONTROLS

Figure 2 is a diagram of the front panel of the voltammeter. A
brief description of each part of the front panel is given.

Ammeter 

Indicates current flow between working and counter electrodes.

Month/Day

Date is dialed manually by operator before start of the day's
runs.

Light Emitting Diode (LED)

These four lights are illuminated in succession during a run to
indicate the completion of the three fast voltage scans and the start of

the slow scan.

Standard Concentration

Indicates concentration of solution used for standard. Correct
value in ppm is dialed manually by operator before start of run.

5
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* Mode Switch

When this switch is set to BLANK, CAL, or TEST, the electrode cell

is placed into the circuit and the resulting current flow shows on the
ammeter.

Display (ppm)

Shows integral part of number which is printed by microprocessor.

Run

Pressing of this button actuates the sequence of three rapid volt-
age scans followed by one slow scan.

Reset

Pressing of this button aborts any run in progress. Results from
previous runs are retained in memory.

SYSTEM DESCRIPTION

Figure 3 is a diagram of the entire system. The electrode currenL
amplifier converts the electric current to a voltage, amplifies it, and

scales it properly to drive the analog meter and the sample/hold ampli-
fier. The analog meter is a real-time display of the relative amplitude
of the electrode current (signal Y). The sample/hold amplifier is under

software control and includes an analog-to-digital (A/D) conversion of
the signal for the microprocessor. The scan generator circuits consist
of a digital-to-analog (D/A) converter and scaling amplifiers.

Software controls the rate of both types of scans (fast: 50 mV/s;
slow: 5 mV/s). The output labeled X is the voltage ramp, which is made
available at an X-Y recorder terminal, and also goes to the counter

electrode at the chamber. The reference electrode signal is brought
into this circuit and added to the counter electrode signal to maintain

a correct drive potential to the chamber.

Front panel control switches include a system RESET switch, RUN
switch, and mode selection rotary switch. Their functions are detailed
later. Front panel thumbwheel switches provide:

1. Setting in numbers which indicate month and day. These digits
will be printed on the hard copy printout.

2. Standard solution concentration number (usually set at 1).

7 -
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The digital printer, DATEL DPP-Q7, is a self-contained numeric

thermal printer. It is controlled by microprocessor software and will
print the date and the resultant contamination level in ppm. The LED
numeric digital display will indicate the test results in ppm and may be
used for diagnostic tests on the system or display of intermediate
results.

There is a set of four individual light-emitting diode lamps on the
front panel that will indicate the progress in real time of a RUN
sequence. The power supply for the unit is internal and is powered by
115 V AC. An on/off switch, fuze, and power-on lamp are on the front
panel.

Figure 2 shows the front panel layout. The analog meter, scaled
for 0 to 2 V DC, shows the relative magnitude of electric current coming
from the working electrode during any scan (fast or slow--in any of the

three modes) in real time. The rotary switch is used to select the mode
of operation for a run operation. The off position means that no mode
is selected and presents an off condition to the electrodes. An off
condition for the electrodes is working electrode grounded, counter
electrode open, and reference electrode--no change.

Figure 4 illustrates the basic circuit for operation of the elec-
trodes in a run condition and in an off condition. The rotary switch is
to be set to OFF when preparations are made to the test chamber. Just
before pressing RUN to start a run sequence, the rotary switch is set to
the desired mode. At the conclusion of a run (i.e., when all four lamps
are on and a value is present on the digital display), the rotary switch
is returned to off.

There are two momentary push button switches. The RUN switch, when
activated, initiates active running of the software program. Once
pressed, the system begins running and continues to completion of a
cycle (just less than 4 minutes) unless reset. The RESET push button
will interrupt any operation and set the system in a reset state
awaiting a run command. Use of the reset switch would occur when it is
necessary to halt the system operation and start over. Stored data from
previously completed runs will be retained in memory when the system is
reset.

The digital display of two digits will primarily be used to display
final results of a test in ppm. During active operation and in the
reset condition this display will be blank. The four LED lamps will
show progression through a single test. They will light under the
following conditions:

LED I At conclusion of first FAST scan.

LED 2 At conclusion of second FAST scan.

9
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DRIVE CIRCUITS

/COUNTER (AUX) ELECTRODE

/REFERENCE ELECTRODE

GROUN-."

I 1TEST CHAMBER

WORKING ELECTRODE IFR

SYSTEM OPERATING
IN RUN CONDITION

DRIVE CIRCUITS

I , ,-

L......J

AMIIER

SYSTEM IN OFF
CONDITION

FIGURE 4. Basic Electrode Circuit.

10
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LED 3 At conclusion of third FAST scan.

LED 4 At conclusion of the 60-second pause.

All four LEDs lit at once indicate that the three preparation scans and
the pause have been completed, and that the system will immediately
begin a slow scan in the selected mode. At the end of a slow scan, the
digital display will turn on with the resultant parameter for that
mode. This concludes a "run." Pressing RUN or RESET will immediately
turn the digital display and the four LEDs off.

Figure 5 is a diagram of the electronics system. The Intel 8085
microprocessor is the controller for the system. It is wired on the
PLS-858 card, a standard microcomputer card from Pro-Log Corporation,
which includes system memory circuits. The software program in machine
language is stored in two erasable programmable read-only memory (EPROM)
devices. These memory devices were programmed with the Tektronix 8002
Microcomputer Development System. The analog circuits card was built
and designed at NWC and contains integrated circuit amplifiers and data
converters to process signals for the first prototype and was replaced
with a printed circuit (PC) Board in the second unit that was built.
The thumbwheel switches circuit is contained on a PC board and is now
readily reproducible. The digital display board is presently wire wrap
and could be replaced with a PC board directly. The printer interface
is also in wire wrap and could be replaced by a PC board, or may com-
pletely be eliminated by replacing the numeric printer with a more com-
plex alphanumeric serial input printer. Such-a printer could provide
lettering on the printout as an added clarity feature and would inter-
face more directly with the microprocessor. This alphanumeric printer
costs half again as much as the numeric printer. The rest of the wiring
is point-to-point wiring and has been designed to be kept to a minimum

" (many signals are transferred serially instead of as 8-bit parallel
"* information).

The analog meter is a rugged, watertight, sealed unit, built to
withstand the rigors of travel and abuse which the system may encounter
in normal usage. It is of much higher quality than standard meters and
is scaled to be driven by 0 to 2 V DC signals. It will display electric
current variations through the working electrode. The thumbwheel *.

switches circuit and the digital display board were wrapped for the
first prototype and were replaced with PC boards in the second unit.
The power supplies are standard modules to convert 115 V AC to +5 V DC
and to ±15 V DC. This entire electronics system is mounted to the back
of the front panel so that it will lift out of the case easily for
servicing and modifying.

Appendix A shows detailed schematics, chassis wiring diagrams, and
component layouts.

L 11
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SPECIFICATIONS

Following is a list of specifications for the voltammeter.

1. Provide FAST and SLOW scans

FAST defined as 50 mV/s

SLOW defined as 5 mV/s

2. Voltage range of linear DC ramps during a scan

FAST scans from -0.30 to -1.20 V

SLOW scans from -0.30 to -0.80 V

These potential limits are adjustable by changing parameter values
in software.

3. The rotary switch will determine the mode of operation

OFF

BLANK, pure solution in the chamber

CAL (calibration), with 1 ppm standard

TEST, for testing the unknown

4. Pressing the RUN button will cause the following

Preparation scan 1 FAST

Preparation scan 2 FAST

Preparation scan 3 FAST

60-second pause

Measuring scan SLOW

5. It will be understood by the operator that the three FAST scans

will prepare the electrodes, and that during the one SLOW scan the
electrode current will be measured, processed, and recorded.

6. Provide digital readout--two numeric digits will show ppm
levels of contamination.

7. Provide outputs capable of driving an X-Y recorder.

8. Provide thumbwheel switch to select ppm level of the standard
solution (usually 1 ppm). ."-

9. An electrical connector on the front panel will mate with
cables from the electrodes.

13
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10. It is estimated that a 1 ppm contamination level causes a
change in electrode current of 0.35 to 0.55 VA. During a CAL run this
much current difference should be observed. The software design could
be modified to test for this condition. A test failure would indicate a
faulty electrode, an incorrect solution mixture, or some similar fault.

11. The printer will provide a hard copy printout of final results
in ppm of contaminant.

12. The analog meter will display the relative magnitude of
electrode current in real time.

13. During the SLOW scan, a sample window will exist from which the
microprocessor will take samples of the electrode current. The micro-

processor will record each sample, select the peak sample, and store
this peak value as the electric current level for that scan.

14. The sample window is defined as the time during which the
electrode potential varies from -0.45 to -0.65 V, during a SLOW scan.

15. The sample and hold amplifier circuit includes an A/D
converter. Measured electric current through the working electrode of
40 VA will set the sample and hold amplifier to 9.99 V, which is its
limit of measurement. Electric currents exceeding 40 VA will saturate

the amplifier and give false results from the system. - -

16. Table 1 shows the basic parameters to be measured and/or
manipulated by the system, and lists their expected limits.

TABLE 1. Basic Parameters and Expected Limits.

Electric
current Analog Range of

Software from voltage values in

Parameter mnemonic electrode range software

BLANK solutions IBLNK 0-10.80 UA 0-2.70 V 00-4516
CAL solutiona IMCAL 0-14.40 VA 0-3.60 V 00-5C 16

TEST solutiona IMTST 0-36.00 UA 0-8.99 V 00-E5 16

Calibration standard CS usually 1
Dilution factor DF 1, 2, 3,

or 4

a Measured electric current.

14
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MICROPROCESSOR PROGRAM

The Intel 8085 microcomputer software program was developed in
assembly language with the use of the Tektronix 8002 Microcomputer
Development System. The machine language program was derived from the
assembly language listing and stored on EPROMs to be used as hardware
for the Digital Voltammeter System. Figure 6 is a general flowchart of
the program. Appendix B includes the detailed flowcharts and the list
code printout for the entire software program.

A4

CALCULATIONS 2
Table 2 shows the sequence of calculations of the digital voltam-

meter. The terms used in the equations are defined in Table I and on
page 17. The following definitions apply to the parameters used by the

software program. A mnemonic is assigned to each parameter.

TABLE 2. Sequence of Calculations of the Digital Voltammeter.

Mode

Function BLANK CAL TEST

Parameter IBLNK IMCAL IMTST
(peak of 20)

(IMCAL-IBLNK)
Calculations None ICAL IMBTST = IMTST - IBLN,

CS

CS usually = I DF 1, 2, 3, or 4

IPPMDF = (IPPM)(DF)

(IMBTST)(DF)

ICAL

Marker 1 2 3

Results IBLNK ICAL IPPMDF

15
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INPUT PARAMETERS

IBLNK The peak value of 20 samples of measured electrode
current in the BLANK solution. A measured quantity
scaled for software use.

IMCAL The peak value of 20 samples of measured electrode
current in the CAL solution. A measured quantity scaled
for software use.

IMTST The peak value of 20 samples of measured electrode
current in the TEST solution. A measured quantity scaled

for software use.

CS Calibration factor; represents the concentration level in
the CAL solution. Usually equal to I ppm. Set as a
factor in software or dialed in by the front panel ppm
switch.

DF Dilution factor; the factor applied to the calculated
concentration level in TEST solution assuming no dilution
effects when preparing the solution. Set as a factor in
software. Usually equal to 1, 2, 3, or 4.

CALCULATED PARAMETERS

ICAL Value proportional to the differential amount of electric
current equivalent to I ppm.

IMBTST Value proportional to the differential amount of current
from TEST solution compared to BLANK solution.

IPPM Contaminant concentration in TEST solution, not
considering a dilution factor.

IPPMDF Contaminant concentration in TEST solution including the
dilution factor. The final result.

EQUATIONS TO BE PROCESSED

Given parameters (measured values and scale factors) = IBLNK,
IMCAL, IMTST, CS, and DF.

(IMCAL -BLNK)

ICAL = (1)
CS

17
17 i12
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IMBTST - IMTST - IBLNK (2)

I4BTST
IPPM ,, (3)

ICAL

IPPMDF- (IPPM)(DF) (4)

(IMBTST)(DF)= _____ (5)
ICAL

OPERATING PROCEDURE

1. Plug power cable into panel (upper right) and connect to 115V AC.

2. Connect electrode cable to panel (lower left). With electrodes

inserted into cell, connect leads to electrodes as follows:

a. WKG lead to working electrode.

b. AUX lead to auxiliary (counter) electrode.

c. REF lead to reference electrode.

The GND lead need not be connected, but should be grounded for optimum

results.

3. Set mode switch to the uppermost OFF position.

4. Dial thumbwheel switches to correct date (month/day).

5. Set STANDARD dial to concentration in ppm that will be used for a
standard.

6. Turn power ON.

7. Measure blank solution (distilled water + salt + buffer) into cell.

Deaerate for about 20 minutes.

8. Set mode switch on BLANK.

9. When ammeter needle is steady, press RUN. Observe three fast pre-
paratory scans, 60-second pause, and one slow measuring scan. The four
small lights to the left of the ammeter will light up in succession at
the end of each fast scan and at the end of the 60-second pause. At end
of run, the printer will print date and the display will show a random
number.

18
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10. Turn mode switch counterclockwise to next OFF setting.

11. Add standard PGDN (or other analyte) to blank to yield final concen-

tration equal to setting on STANDARD. Deaerate for about 50 seconds. J
12. Turn mode switch to CAL.

13. When ammeter needle is steady, press RUN. Observe three preparatory
scans, 60-second pause, and one slow measuring scan. Printer will

advance without printing any number.

14. Turn mode switch counterclockwise to next OFF setting.

15. Add salt/buffer to unknown solution, measure solution into cell, and
deaerate for about 20 minutes.

16. Turn mde switch to TEST.

17. When ammeter needle is steady, press RUN. Observe three preparatory
scans, 60-second pause, and one slow measuring scan. Printer will print

unknown concentration in ppm (to one decimal figure). Display will show

whole number part of concentration.

18. Turn mode switch to next OFF setting.

19. For any additional unknown solutions, repeat steps 15-18.

20. To abort a run, press RESET. Printer will then print random
number.

21. For use in conjunction with an X-Y recorder, make the following

connections:

a. X on voltammeter to ( input of X on recorder.

b. Y on voltammeter to (+) input of Y on recorder.

c. GND on voltammeter to (-) input of Y on recorder.

d. (-) input of X to (-) input of Y on recorder.

Recorder settings:

a. X - 100 mV/min

b. Y = I V/inch for fast scan,

100 mV/inch for slow scan when concentrations greater
than 3 ppm,

10 mV/min for slow scan when concentrations less than
3 ppm.
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8085 EDGE CARD SYSTEMS
PLS-858 ONE CARD SYSTEM .-

The PLS-858i Ca complete 808 microprocessor systemr on one 4'1 xi - circuitcard The system prov~desa 56-pin card edge connector
that is similar to theessng Pro-Log PLS-881 microprocessors The PLS-858 incorporates all the elements of the highly popular PLS-881
and PLS-888 and expands on them The PLS-858 otters threcapability 0f expanding program memory to 6192 bytes using 2048 byte D2002
PROM (2716 or equivoalent) The PLS-858 also comes winth 1024 bytesotreed wrinte nmermory and can be expanded to 2048Bbytes simply by
pluggl'nq .n two additonal D1004 RAMs J2t t4or equiralentt Likhe the Comrpanion PLS cards the more powerful PL. 6-859 ncludes three
output Ports and twoinput ports at the card edge, however 1/0 can be expanded to cr951 input and eight output ports winth a simepe ribbon
cable expansion System that accesses the data bus and ',0 decoder strobe The PLS-858 offers 5 external interrupts. a seminal innput line
and a serial output lie. 320 nanosecond time states. and sinogle -5V supply operation To utilize the tull power of the 808 and add
versatility to the PLS-858. an interrupt expansin connector ins provinded

FEATURES *Three B-Il Outlput Ports
05Processor w~h1 nldd*Tw 6.011 Input Ports

2K Byte RAM capacity wihI*Icue External Port Expansion to 1lBot
*Socket tom BK Bytes 2716 EPROM *Five Interrupts

CytlClock I be Each Se*lal Input end Output Lines
32 NnoecndStleTI0 rora Compatible wills 6080 Systems

*Power-on and Externel Reset * Single -SV Supply

S-0.11GO eocAreS socErs .1.1

PLS-858 ONE CARD SYSTEM

FIGURE A-1. One Card System Description.
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PLS-858 ONE CARD SYSTEM SPECIFICATIONS

CARD DIMENSIONS I Stolbstcypiir

4 450:h 124a3 c.)lhighby 6 50Infl 5 (bcro) long
*048 hn 2 cm) mraxium profile hitck nesS

A 0062 in (0 16 cmr) printed circuit board thrickrness

CARD INCLUDES -tuis.

*Card elector IN~~ .

One 8085 ProcessorINi.
IK 8K- b! bytes 2114 RAM and Sockets for second lK bytesis. .. . i,

A F our ROM sockets for 2716 PROMS ,* . . ~*
A Crystal ciock circuit and provisions for external Clock IN.. *

APower-on and external reset IN.- I-. is

*2 input ports 8-bi) IoNv I'

*3 output Ports 8bt s- . -*

INSTRUCTION EXECUTION CAPABILITY nub-! 210

E LoncutOs ai, of nhe 81085 Processor instructions co'.. a,.-
032 microsecond CI ime state cycle uO 05%s at 25'C --0 1% 0-55'C Pul I ut's11

A instructions requite fromr 4 to 8 te States our-aI or,I

MEMORY our--ur

*maximrrumr Access Time 0 450 microseconds _OUT2r ?-Pul5
*PROM 2716 or equiealent OUtZ -, U- - -

A R AM 2114 or equivatent OU2A a.,'

INPUTS (Active low encept where noted. loading t LSTTL toad)
1 6 Data Lines (2 tput Parts) _S75rCU

Pori EPilpanson Data Bus (Jt active hign) A[IT Is

*5 interrupt Requests JO1 thtree at card edge)la . l

I Serial input Line (3ct'.IS high) 1 0 PONT EXPANSION S0C ETS

*1ROY active higfl

OUTPUTS (Active low except whtere noted. drive 5 TTL loads)

*24 L archtea Output Data Lines 13 output ports) s'A 0 -'

*Port Eepahsocn Data Bus iJt. active high) o-a'-, .

*2 System Reset Q2 and card edgel Do- -- 4 DO4

*I Clockr Signal 00' Do~ 7,o
*1Serial Output Data (J3 actiue hi~gh) o.! I

O 6 input Pon Strobes oJ2) 005

6 5 Output Pott Strobes J.12 00S , 0-

POWER REQUIREMENTS aA CONROL AN0 POWER

4VCC -5 volts 15% at t 2 A max fully loaded (100 teA per ROM. 0, iN iii

100 mA per RAM)1
GND 0 volts -

OPERATING TEMPERATURE RANGE: D-55'C ISAs.

CONNECTOR REQUIREMENTS: '.. 05..-

560,0 28 Position' dual- readout on 0 125 in f0 3t8 crtcenters As

IT ITRUPTS AMSIi

151A - - . 5

so S

102694 3

ROh-LOGL T"vX 910- 360- 7082

PtI C I If H I H A I 1 0I N 2411 Garden Road Monterey California 939.40 Telephone (4081372-4593

FIG'URE A-2. One Card System Specifications.
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I'Jr1-UTYDUTrUT CC'RNI1C TIcNS

OPP-07 PRiNTER PINJOUT
Refer to the drawines oun thle bottom of page 6.P

Connieter Pinouts Ate Shown A; Vivre rfnin Roar Of Printer

CONNECTER Cl I CONNECTERC2

1.~~~ Ic ry.00 Sj - . BCD 8,000 BCD 800.000 1. --

2. Gia. Bu~yPolliyy Dec Pt .00000 2. BCD 60,000 2.
3. No Print Advance Dec Pt .00000 3. 3.
4. Logic & Pv,r. Gnd. Leading Zero SUtaprets 4. End of Paper 4.
5. Sign "l- S. Loqyic & P~vr. Gfid. 5.

6. Dc Pt .0 Dec Pt .000 6. Enable Pont Tet 6.
7. Dec Pt .00 Chet. Print Polarity 7. BCD) 800 7.
S. CCD 40().00 BCD) s0 8. BCD) 200.000 BCD) 20.000 8.
9. BCD 20 BCD) 8 9. 9.

10. BCD) 2 BCD) 40,000 10. eCD 2.000 10.
I1I. BCD) 100,000 Chg. Data Polarity 11. BCD) 200 .
12- BCD 10,000 12. Busy 12.
13. BCD) 40 +5'1 Logic Power 13. BCD) 1.000 +5V Logic Power 13.
14. BCD 400 Print Command 14. BCD)10 14.
15. BCD04,000 BCD04 15. BCD 100 BDC 1 15.

NOTES
logic spikes less than t~cn, Pk-Oki Thre +=V

1. *5V contact ICI-813 & C?-Bl3t are internally logic Poivief cornacts ieav be cone~c!el10 the h~qn

conne e AIA nq.tuupu Lonn et 8ns fr Priter

3. r.Or: -SX- ci l~ 813 C 832 nA oes 5 onat C-1 2B3

a~e seeforlog~ P~kermut 5V 2% P 3A O~iv~er-5 po-, 1 at'.0,,Ana.
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Tek'tronix 0MOM/835 ASI V3.3 Paa e I

SFCTIOPI .IN A~iLfl

00 ~ ~3 GLCIA [14i JD-rLL1 ,llTh .PFlEt' D,FSCD
0004 GLr 14L 61 ,L
0%05 2000 CP 0

0062200!1 IBLANK FLOCY I
0 '7 0~ 11l ICAL ELF I

60f,"13 C2 a0102 -) !EST ILOCK
009 ~4 t J1 LEDDGT Bt1OCY I

00010 2'Mj5 0 " V, LEDLTS BLOCK I
00911 le0b 9001 CS BL'CV 1
1012 2 C,!7 OMC P{CCS P'LcyC I
00013 2M00 01 DFC"AY P' -OCY 1
0014 2%M 000 Df~fH FLOCK I
0001 230A 092 PFIELD FLOCK 2
00016 200C 0002 TEMP BLOCK 2
09017 20DE 0901 COUNT BLOCK I
400018 0000 ORG 0010H
00919 0000 F3 DI
00020 0001 31FF23 LXI SP.2a3F[H
00021 0004 3EF:4 MVI. AM04 -,SET MUX ADDRESS
00022 0006 D301 OUT I
00023 009 3E18 tiVI A,19H
00024 CODA 30 Sim
0025 DOOB CD0000 CALL PSFLNE ;INITIALIZE ANALOG DRIVE VOLTAGE
00026 SOCE 3EGO MV1 AMGH t1NITIALIZE LED DISPLAYS
00027 Po010"209420 STA LEDDGT
00028 09,13 iEOC K(If A.OCH
00029 0015 320520 STA LEDLIS
60030 0018 CD200 ) CALL LED
00031 DOIB 0809 R UNT IN I
00932 0090 E504 ANI 04H
00033 OOIF CAIBOO 12 RUNT
I0934 0022 1638 KVi D,38H
60035 0024 IEBO RUNTI MVI E,OBQH
0036 0026 ID RUNT? DCR E
00037 0027 C11600 1HZ RUNT2
0003 V~24 15 DCR D
00639 Ot!2B £212400 JHZ RUNTI
00040 002E DQ9 IN I --.
10041 to030 E604 ANI 04H
00042 0032 CAlBQS 12 RUNT
60G43 0035 C33D30 imp BEGIN
90044 003C ORG 503CH
00045 003C E9 PCHL
00046 01)30 3E00 BEGIN "VI AOCOH ;R.ESET LED DISPLAYS
I0047 003F 320420 STA LEDDGT
10048 0042 3E6C MY! AOCH
60049 0044 32 .,2D STA LEDLTS
00050 0047 C t0 0 i ) CALL LED
60051 004A 21090 ) LXI H.WAIT5 ;SET WIT VECTOR
60052 004D 0600 MV! BACOH
10053 004F FB MLOOPI El :WAIT 5 SECONDS
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Tektronix 8080/8085 ASK V3,3 Paze 
.

o s 5 ! AAT 04H
0 rj'3 rA4FOO J V QLOOP1

0O00j7 0 3E19 MVI A,IBH

0005A 000l3 30 SIR
00059 O5J9 210000 ) LXI H,FSCAN .SET FAST SCAN VECTOR

0O 00iC 010030 LXI B,3Pa0H
60061 00SF FB FLOOPI El ;FIRST FAST SCaN
00062 0160 20 RM
60063 coi! EbA4 At4I 4H
00064 C063 CA5FO0 32 FLO1
0065 c0e6 CD J000 ) CALL 8SELNE
00060969 3[8C MVI A,3CH 0TURN ON LED $1

00067 006B 32520 STA LEDLIS
00068 006E CDO CA0 ) CALL LED
60069 0071 3EIB MV] A,IBP
00071 0073 30 SI H
60071 0074 210000 ) LXI ,WAIT5 ;SET WAIT VECTOR
00072 0077 0600 mvI BOO
0073 P79 FB WI.OO'2 El :WAIT 5 SECONDS

00974 007A 20 RIM
04075 007? E604 ANI 0414
10076 P7T CA7900 jZ WLOOP2
90077 008 3F18 li AMBMi
00078 0082 30 Sim
00079 0083 210000 ) LXI H,FSCAN tSET FAST SCAN VECTOR

10080 096 010038 LXI R,38D1H
00B1 0Md9 F? FLOOP2 El iSECOND FAST SCAN

10082 00,A 20 RIK
00083 008Y EM04 ANI 04H
00084 0CMD CA8900 JZ FLOOP2
01085 0090 CDOO CALL ?3FLNE
00086 0093 3ECC "VI AOCCH ;TURN ON LED 12

00087 0095 32520 STA LEDLlS
00088 0098 CDO000 ) CALL LED

00089 0o91, 3EIB mVI AJ8H
0090 009b 30 Sim TO

QnB91 MO9E 210000 ) LXI N,WAITS ;SET WAIT VECTOR

0C092 /OAI 0600 "VI P.H I. .
90593 eCr3 FB WLOOP3 El :WAIl S SECCNDS
06094 COA4 20 RIM
00095 00A5 E604 MIl 044

60096 00A CAA300 Jz WtZOP3
00097 P9AA 3EIB mVI A.,IBH
00098 60AC 30 SIm
00099 0, 210000 ) LXI H,FSCAN :SET FAST SCAN VECTOR

10109 000 01003B LXI B,300 ....-.14 1 C
40101 0M83 F8 FLOOP3 El THIRD FAST SCAN

10102 r(, 4 20 RIM
10103 045 E614 ANI 044
90104 0"P7 CA1,310 3 FLO 0 3
10105 0I- EA AO0 ) CALL ISELNE
00106 O0D 3EEC MVI AIECH ;TURN NW LED 13
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Tektror27 YB080/8085 ASM 0.33 Pape 3

00107 004; 3205?0 SIA LEDLTS
0108 GIC? C1q010 CALL LED
CfJIq9 P, n 10~ )-,, LY1 H,PA!!SE St0 PALGSE VEC~flO
C(1110 tS0l0600 LXI BOrJ[JH

60 1 
".. 

v A .l 1

00112 00TCD 30 Sim
00113 OUX FB PLOOP El
00124 00OF 20 RIM
C3115 000 Efl4 ANT 04)1
or-u16 onD1 C.,CEOO JZ PLOCP
00117 ObD5 35irC MY! A,0FCH JTURN ON LED t4
coils OID7 3?6,10 SIP LEOLTS

0G ;J [-A C,9- 1z 0 } CALL LED
S0110 OD 210010 LXI H,SSCAN -,SET SLOW SCAN VECTOR
00121 lIF0 01013B LXI B,3800)1
00122- Q0F3 110973 LXI D,7300H
00123 DC!6 3E18 MYX AIPH
00124 06E3 30 Sim
00125 OOE? FB SL OOP El
00126 PlEA 20 RIM
60127 0AEB E604 ANI 04H1
D0I2 3 0ED CAE900 JZ SLOOP
0C1?29 01,F0 CD0000 CALL BSELNE
00130 0CF3 F3 DI
OC131 QIF4 3E18 "VI A,IBH
001'3 CrjF6 30 sixt
00133 00c7 DP01 IN I ;TEST FOR OFF MODE

ip

00134 00F9 2F CKA
690135 OOFA E608 ANI 0814
00136 QOFO CAlBOG J7 RUNT
00137 '30FF 01 IN I JEST FOR BLANK MODE
10138 0101 2F CHA
0023? 6162 E620 ANI 20)1
003140 03104 CAA201 JZ BLANK
C0141 0107 0801 IN I JEST FOR CALIBRATE MODE
C0142 11109 "'F CMA
60143 010A E640 ANl 4014
E 114 4 eIIC CA7EOI 32 CAL
00145 016c C32201 jrOp TEST
00146 0112 CF1F'IF2F FR BYTE DFH,IFH,IFH,2FH
00147 0116 3F3F4F4r7 BYTE 3FH,3F1,AFH,4F H
00148 011A 5F6F6F7F BYTE 5FHSb V,6FH'FH
10149 011E eFBF9FF BYTE BFH,8F-H,9FH.9FH
06150 0122 7B TEST MOV A.E
00151 0 123 210 02"0 LXI HIBLANK
00152 0126 9b SUB M
90153 0127 00 HOP :WAS DILUTION FACTOR (DF)
00154 0128 57 MOY D,A
00155 9129 lEO! MV I ECqH ;DIVIDEND IS READY
00156 01 2B 210120 LYI H.ICAL
00157 012E 4£ MEY, CM
00158 012F 0600 MVT B,00)1 tDIVISOR IS READY -ICAL (8 BIT)
00159 0131 C00031 CALL DV1616
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9C1..0 (I11-1 7? ~ Af'j A.C
0016! 0 1 31,320 STA IIFST+t STflRFS REX FPACTNL VALUF
0010 fll0, 7A Mo01 A.D
00163 WV' KY2210 STA ITEST S1COFS 1ANTEU'P =15d
CnW6 ci lOD ) CAll DFC -,CONVERTS INTECEr INTO BCD

00166 0) 40 32f420 STA LEDC1T
001b7 143 3FF0 ol AlFOH
00106R(141 '21 2 STA LEDLTS
00169 U~48 'CTO0 CALL LED
00170 014"1 7F AV] A, FF
00171 014U 32IA0 STA PFIELD
00172 91;1- 3? ??) SIA PFIELD~1
DOM73 t '113 U ~ NO
00174 M1.4 U1000 CALL PRNTL tADVAN4CE PAPER
00175 015J7 3;0420 LDA LfDDGT
00076 MA5 FEOA CPI DAH
00177 O1!C D26101 JNC TESTI
00178 015F F6FO ORI QFOH
00179 0161 32iPAa TESTI STA PFIB.D ;INTEGER IS READY
00180 0164 3P3320 IDA ITEST+l iFEGIN FRCTNL PRCSSG
0011 0107 OF RRC
001K2 0168 NF RRC
00183 0169 el I RRC
001'04 W~A F RRC
09195 Q! 6ER ELOF mlI OFN
001S 016D 16PiO MV] DIODH

0 0138 0170o 211201 LXI H,FR
00189 9173 19 DAD D
00190 W1A 7F tiOy A~m
Uf4191 0175 320220 STA PFIFLD41 !$70D FRrTNL. PROCSSS
00192L 01172 C60110 ) CALL PRUTL -PRINT RESULT
00173 01"? C31M0 :MP RUNT
00194 W1E 78R CAL MDV A,E
00195 017F 210)020 LXI H, 1111,ANK
00196 012 9b S0~ A
00197 M13 4F AN C .A
001982 11S4 Wli MYC ?,O0H
Oe190 13' - 211720 LAI H.DECCS .DECCS 1 Nf U EED
6~26c 01,09 5E moV EM ;CS SETTING ON FRONT PANEL
60201 12A C00800 ) CAll DIV
40202 O!ED 7C MOV AMH
go M3 Clq 3 2012I STA ICAL
102D4 Ml9 CN090 CALL DEC
00205 9194 321420 STA IDrl

0260197 1FO , 0')] A 0rjN
0027 0199 320520 STA LEDLTS
00W .c? C7% CALL LED
I(1 9 0l'; C"*,0JJ Thp pt'
cc" -C20 ( 112 14 ?LA* Mov AE
10211 01A3 r v) 0 SIA iDLANKl
00212 O!Ao X~ CALL DEC

37



NWC TP 6577

Tektronixl 8080/8085 ASK V3.3 Paae 5

0213 0 '9 420 STA LEDT-

00?14 BIAC !1 MVI A,O H
C0215 01AE 32 t2 STA LEDLTS
00216 01B1 C[,cQ ) CALL LED
021? 01T:4 Cfli'0 ) CALL THM'NPL

00,18 01B7 3AD920 LDA DECMTH
00219 0187 30A-10 STA PFIELD

00220 DE D 3A:20 LDA DECDAY

00221 01Co 32 20 STh PFIELD+I
00222 01C3 CDlI000 ) CALL PRHTL

00223 01C6 C31800 imp RUNT

00224 SECTION MUL
00226 :MULTIPLIER INTO PTG 8
00227 ,MULTIPLICAN ITO EEC C
00228 iPRODUCT IS RETURNFD IN REGS D AND E

00229 0000 1600 myI D,OOH

00230 0012 IED Myl E,OOH
00231 0004 7B KIJL2 mov AE

00232 0005 81 ADD C
00233 0006 D20AQQ JNC MULl

00234 0009 14 INR D
00235 00QA 5F MULl HOV E.A

00236 0008 05 DCR B

00237 000C C20400 JNZ AML2$.

00238 608F C9 RET
00230 SECTION DIV

00241 ;DIVIDEND INTO EGS B AND C

00242 %DIVISOR INTO RE9 E
00243 ;GUOTIENT IS RETURNED IN REG H00243"i HI

60244 0045 2600 MVI OO-"
00245 0E2 7D mOV AE
00246 i003 2F CA "--00247 0004 5F MOV EA
00248 0305 16FF MVI D.OFFH

00249 0107 13 INX 8

00250 oDno S 79 VIV3 MOV A,C ;ADD LOW BYTES

00251 0009 83 ADD E

00252 jOeA D20EO0 ) 3C DIVi
00263 1 ',D 14 INR

00254 OE 4F D I OV CA ;ADD HIGH BYTES

00255 OOOF 78 DV AD
00256 0010 82 ADD ,
00257 0011 FAIFOD 3M DIV2 :TEST EOR SIGN CHANGE
00258 0014 47 sOV B.A

00259 0015 24 INR H

10260 0016 7C MOV A,H ;TEST FOR DIVIDEND OVERRUN

00261 eC17 FE.3 CPI 63H
6026? 0019 CAIO0 ) 31 IV2
00263 011C C13900 ) JP DIV3

00264 001F C9 DI'2 RET
10265

38

. .. , o . -. 
. . . . . .... 

. . . .. 

.... .-. ..-... 

..

"--.



U

NWC TP 6577

Tektroniz 8030i085 ASM V3.3 Paqe -

266 EC
0'267 VAUE IN REG A IS CONVERTED FROM HEXADFCIUAL TO DECIMAL
00268 Wi'fO FF63 CPJ b3li

f. 0t269 OC'2 D,,R9O ) JC UEC3
00270 W15 799 hvW A,99H4
00271 007 C9 RET
60272 0D08 FFOA DFC3 CPI 0A1
00273 On3A D2IE00 ) INC DIC2
00274 GOOD C9 REI
00275 MZE IE DeCt2 MVI EOOH
00276 0(10 D , A DICI SUf GAH
00277 Dl; C IN E
00278 0013 FrOA EPI OAH
50279 0015 021000 INC DECI
00280 0018 57 HOV D,A
00281 0019 7r NOV A,,E-

60628 0014 07 RLC
00283 001Y O7 ILC
00284 QnIC 07 PLC
00285 OIf 07 ILC
00286 DOlE 82AD D
00287 601V C9 RET
ooze8
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Tektronio 9061/92B5 ASK V3.3 Svmbol Table Pane 7

Scalar.

A---00 Doe, 9 sle8 C--SO fool I C02 F --- 40
H -- 0004 L- 005 0 166 - PS-OC06 SP -- 0016

DEC Section (0020)

DCCI --- ogle DEC? - Ill DEC3 - file

DIV Sectiem (0020)

DIVI -- MOE 1192 - 001F Dl93 - OM3

SlAIN Section Absolute (20SF)

BEGIN 003D BLANK-SON?2 CAL - 17E ODUT 211F G CS - 2906
D[CCS -107 G ICAT - 2008 G DEC61)) - 2019 G FLO?) 60BOS FLO0?2 - 0599
FLOOP3 - 03 FR - 0112 IPLANK - 2000 ICA. 2011 ITESI - 2002
LEDICT - 2004 C LEDLTS - 2095 G PFELD - 2500 C PLO? 00CE NINT --- Dole
PUNTS - 1024 PUMT2 - 1026 SLOOP - 0oug TEMP M OC G TEST 11522
TEST) - 1161 0100?) - 104F NLOOP? - 0079 VMO3 - 1103

KUL Section (BeS).

NMI. - 1100 SOUL? 0 4

NSELNP Unbo7"d Global

DY1616 Unbound Global

FSCAN Unbound Global

FSCO Unbound Global

LED Unboond Clobal

PAUSE Unboand Global

PANTL linbomnd Clobal

ScSCAN Unbound Global

THI'4 Unobound Global

WAIT, Unbound Global

288 Source Lines 298 As svbled Lines 14347 Wes available

))No asnobl errors detected
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Tektreni, gaSO8085 ASM Y3.3 Pane

1~000l sErcigSN PEFLtNE
cSE1S A UL~LTPUT TO .3 VQL.1
0003 000 EUFmuI A.ODFH

000 Q00 3EDF OUT 0
00009, 0,)04 3EF'F OUT AIFI
0006 00Db60D300OU 0
0J0007 tp008 :3EIT tIvi k.IFH
0,38 CODA D300 OUT 0
09009 500C 3E94 %VI A.949
0001 W1E D300 OUT S
00011 0010 3EH4 MV! 04
00012 00120 D300 OUT AS41
00013 0014 3E?4 OV! ,9T
00014 6016 D318OU
P00015 C018 3E'C 007 1 .SCH.
00016 OOIA D308 U 0C
00017 00IC 3E7C "Vi .C
09018 WE D300 OUT1 0
00019 0021 3ESC mvi h.BLH
00020 0022 0300 OUT I
000W 0024 3EIF MVI h.AFH
6022 0026 0300 OUT I .... '
00023 0028 3E37 mv! A.3FH
00024 002A D300 0OUT
00025 002C C9 RET
00026 SE1.I SA

00029 G[O1BAL FSCD
00029 Ct8ASRM UTU RM541U VAttE IN PEGS B AND C

00030 ~ RAMP UP IN 20 SECONDS, D00~ IN 20 SECCNDS
00031 0010 F5 PUSNi PSd
00032 0001 3EDF mv! A.5DFHi
00033 0003 D3.90 OUT 0
00034 0005 79 MDV AXC :NCREMENT coUNTER
00035 0006 WEE AtI 7EH
00036 0008 02CCOO ) J1c ZOT
0003? 0008 04 !NR a
00038 JZ KILLF TEST FOR END V 3
00039 0000 4F ZOT mov C A
00k40 lion 78 eloY A3B
60041 MDE FEEC CH! BEON S
00042 0010 79 NOV AXC
00043 0011 DA1700 )PA AT 1.2O(E30
00044 9014 C15700 ) OP KILLF :EVA .V(CO
00045 0017 4F FOUT MOV C,A ;OUTPUT LOER
10046 0018 IF RAR
80047 0019 IF RAP
0004q9 0: IF RAR
00049 W?1 IF A
0508 OD1C E~t&F AN! DFH
101 OCIE 1; CM4 .
00052 O IF D308OU 0
00053 0021 EbDF ANI 6DFH
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0Qq54 0023 D30 OUT 0
0055 0025 3E9F HVI A,9FH
00056 0027 D300 OUT 1
00057 0029 78 OV A,B tOUTPUT KIDDLE
00059 0C?A E6OF ANT OFH
005? 02C F640 ORY 40H
00060 012E 2F CMA
00061012F D300 OUT I
0006? 0631 EbF ANI ODFH
0C003 0033 D300 OUT 0
00064 0035 3E F "VI ASFH
00065 0037 0300 OUT .

OCT66 0039 78 NOV A.B :OUTPUT UPPER
00067 03A IF RAR
10060 003B IF RAR
30069 003C IF VAR
00070 0030 IF RAR
00071 003E E60F ANI IFH
00072 0040 F680 ORI so"
00073 0042 2F CA
00074 0043 D300 OUT I
10075 0045 E6DF ANI ODFH
00076 0047 D300 OUT 0
10077 0049 3EIF NVI A,IFH
00078 0048 D300 OUT 0
00079 004D 3E3F NVI A,3FH ;LATCH OUTPUT
0980 004F D300 OUT I
00081 0051 F3 DI :RESET INTERRUPT
0082 0052 3E18 "VI A,IOH
00083 0054 30 SIx CLEAR THE RST 7.5 LATCH
60084 0u55 F1 POP Psw
50085 0056 C9 RET
00086 0057 3EIB KILLF NVI AIBH
00087 0059 30 SIm :RESET THF RST 7.5 LATCH
00088 005A 216300 ) LXI HFSCD iSFT FAST SCAN RETURN VECTOR
00089 .20 SEC RAP SACK TO INITIAL V.
00090 0050 0130EC LXI 8,OEC3OH PEAK AT 1.2V
00091 0060 C36400 ) JP FSCDI
0092 0063 F5 FSCD PUSH PSW

0C093 0064 79 FSCDI NOV A,C
00094 0065 067E SUI O7EH
30095 0067 026800 ) JNC HERR tSUTRACT 07E CMJNKS
00096 ObA 05 DCR 8 FOM REG B-C UNTIL
00097 0060 4F HERR NOV C,A REG S EQUALS 3D
00098 006C 78 NOV A, '
00099 0060 D600 SUl OOH
00100 ObF 47 NDV B,A
00101 0070 FE39 CPI 03EH
3010? 0072 0A7901 ) JC KILL2
00103 0075 79 NOV AC
00114 0076 C31700 ) imP FOUT
09105 0079 3ECF KILL2 MVI AFH %SET END INDICATOR
.016 0073 30 SIN .DISABLE RST 7.5 INTERRUPT
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00107 e;7C Fl POP PSV
00108 007D C9 RET

001150J9B TETFRDN
00116 SECIO VAILL

10111 .: SEON ,I ROUTIN

01172 0009 F7 PU1V PA
00118 OIDA 78 DI01 A. :NREET ONTER
00120 0002 3E02 SI 2
6111 C10E FEC P PSU ;TS ORDN
00122 1009 C7 NOET I
630010 3EOAF3 KILL tVROF SET EDINERATOT
60124 0012 30 Sim$
10121515013 Fl POP PSU -

10126 0014 C? RET
10127
00128 SECTION PAUSE
08129 ;61 SECOND WAIT ROUIINE
60130 8000 F5 PUSH PSWI
00131 0001 79 NOV AXC INCREMENT COUNTER
6013? 0902 CE37 AC! 37H
60133 00~4 D20BOO ) INC PCONT
10134 9007 04 in 3
10135 0018 CA1200 )JZ KILLP :TEST FOR END
00136 00011 4F PCONT Nov C,A
00137 000C F3 DI ;RFSET INTERRUPT
00139 OD 3E16 NV! AlOH
00139 ODOF 30 Siml
01140 1010 F1 POP PSW
00141 0011 C? RET
0014? 0012 3EDF KILLP mvi A,QFH ;SET END INDICATOR
00143 0014 30 Siml
60144 11 Ft POP PSV
00145 0016 C? RET

10147 SECTION SSCAN
00148 :GENEPATES RAfP OUTPUT FPOM STARTING VALUE IN RECS I AND C
#0149 tCOflPLETE IN 109 SFC9t'S
60150 EXG~ '4ING OF OMEaSUREMENT WINDOW IS IN REGS D AND E
1115) ZPEAK ME0,RED VALUE IS RETUiRN IN R -*G E
60152 0000 F5 PUSH PSW
60153 0001 3EDF mlV A,CDFH
00154 0003 V3Y0 OUT 0
00155 6005 3E!Q rVI A,00H lRFAD OUTPUTED VALUE
00156 0107 D112 PUT 2
16157 0069 3E16 MVI A.IOH

bz

#0158 000? D0302 OUT 2
00159 016 308C NVI A.I14H ;CHANGE MIJX AD'IRFSS FOR MEASUREMENT

L3
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01160 000r" D301 O1l* I
00161 0ell 0801 SLOOPI IN 1
0016P 04) 3 2F CMA
0016i 0014 EblB AN! i0N
00164 0'nlh C21130 ) HZ SLOOPI
00165 0019 DR-3014
#116A V 9I1 2F M
00167 GOIC D5 PUSH D
00168 COID PA CHP D JTEST FOR MEASU9EMENT TIMiE
00169 BBlE Di POP 10
80170 941F D23EC0 )' jtJC ?SMT
00171 PP,22 FECC CPI OCCH JTEST FOP END
00172 0024 DA3000 ) iJ C OIPI
00173 0527 3EP.4 MVI A,084H ;RESET MIJX ADDRESS
60174 0H29 D301 OUT I
00175 002B 3EDF "VI A , FH ;SET END INDICATOR
90176 902D 30 Sim
60177 112E F1 pop P611
30178 00?F C9 RET -,PH:EE U DRS
50179 0030 31B4 OTPT PVI ,14 RSTNJ DRS
00185 0032 D301 OUT I
00181 0034 79 CO AX dNCREIENT COUNTER
00182 0935 CEDC ACI OCH
00183 0037 D27801 JwC SOUl
00184 007A 04 INR 8
60185 00,7B C37800 IMTP SOm
00106 003E FEA6 IiSIT CPI QAbH JTEST FOR SAMPLE PERIOD END
30197 0040 DA4FGO i C INGATE
188B 0043 1670 MV! D.OFDH

60189 0045 79 NOV AC ;INCREMENT COUNTER
11190 0046 CEDC AC! OCH
10191 0048 D27801 o SOUT
60192 0048 04 INR p
3119 004C C37801 0 3 SfsUT
10194 004F 7A INGATE MOV AD ;IRCP.EMENT SAMPLE TEST POINT
00195 0055 CbI2 AD! 0204
10196 0052 57 NOV D A ;SAVE INCREMENTED SAMPLE TEST POINT

00197 9Dr,3 3E00 hVI A.OOH :READ DATA
30198 0055 D302 OUT 2
66199 0057 3KIP mVI A,IOH
00200 0059 0382 DVI 2
00201 0058 3EB4 MY1 A~fB4H ;RESET flUX ADDRESS
6820? 065)D 301 OOT I
00203 005F 0801 SLOOP? IN I
1024 0661 2F Cm
0205 0062 E61O AN! 1024
1 0266 0064 C?5F15 JNZ SLOOP?
1 0237 0067 D?6O IN I
66200 0,169 2F CMA
60209 OC6A D5 PUSH D
00216 0061 H8 CMP E JTEST FOR N0EW PEAK DATA VALUE
01211 0i6.C DI POP D
60212 006D DA7100 i C PKSPE

44



.

NWC TP 6577

Tektronix 8O!0085 AS'I V3.3 hpaq

00214 0071 79 iIKSDE MOV AX C NCREMlIT C';'l'TFR
00" (EK7 rri 0

60216 0074 D"7800 JNC SOUT
0 Oj1'/ 0.)77 04 I$R 9
!Jfl2!8 fb78 V SOUl hclv CIA ;OUTPUT LOWER
00219 WI~9 IF RAk
50 0 VJOA IF RAR

('0221 1i07F IF RAR
c f; ?.2 n~c IF RAR

Of2 0DE60F AN! OFH
bi0?24 07 r JF EHA
01125 Va .1. OLIT 0
00226 0 2 E6DF ANT ODFN
002217 00(04 0300 OUT 0
00228 00,86 3F9F MVI A,9FH
00229 0088 P300 OUT I
W030 VPfA 78 MDV Alll ;OUTPUT MIDDLE
00231 WB E6P0F ANT OFN
00232 008D F640 OJI 40H
00233 00aF 2F EMA

00235 0092 E6DF ANT lDFH
80236 00?4 D309 OUT 0
00237 0096 'F ,F MYI A.SFH
e80238 C093 E1330 OUT 0
03239 099A 78 Nov A3B ;UTPIJT LIPPER
00243 009B IF RAR

r.00241 C, Q9C IF RAR
00242 0-59D IF RAR
00243 009E IF RAR
00244 007F E60F AN] OFHi
80245 0OAl F690 OR! 80H
00246 60 2F CO A
00247 004 D393 OUT I
00I248 0DV6 E6DF ANI WDH
30249 W9A D330 OUT B
00250 00AA 3-1F 091 A,IFH
on 251 2 DYOU C0022 0E 33FOUT A.F ;LATCH OUTPUT
600M3 09?1 NCO9 OUT 0
00254 0108:2 F3 DI :RESET INTERRUPT
t0255 6ii;3 3E18 mv! A,lQH

005600: 30 Sim
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Scalarsi

A--- 6807 1--S 0 Dole C 51 -----I02 f 11
H . 004 L 105 h -- Ob PSW --- D06 SP- lob

ISELNE Section (002)

FSCAN Section (207E)

FOUT --- W,17 FSCO - 0063 9 FStDI - 0564 HERR --- 063 Ii -I 67 -01--
KILLF -- 1057 ZOT - OD IC

PAUSE Section (1017)

KILLP -- 0012 PCOHT 1- 000

SSCAN Section (1U0)

ItSVE - 1071 ICATE - 004F OST -- 103E OTPT -- 0030 SLOOPt - 0011
SLOOP2 - 105F SCUT 1 6078

A T5 Sectien (0115),i

KILLN - R1ll

266 Soorce Lines 26.0 Assesbled Lines 14710 Wesn av#31ble

))) Ne assembly errors detected (((

4.

I
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00091 SECTION O'!TSHF
0410",;O'!TPLTS Vgii-E OF CARRY PIT TO SERIAL OUTPUT WITH NECESSARY CLOCK
OOPI %TRANSITIONS

Ca P09 DACCOO i JC UTI
(P 03 3EII hVI A,OQtI

0 305OOS30 SIR
00107 0006 3E41 HV! A,40"
00C9~ 0O99 30 S11i
O0I!9 01509 C31211 > Jit' OUT?
0iP 000C 3E86 Dull hv! A,85"I
00011 OiCE 38 sinl
00012 COOF 3ECI Mv! A,lClH
03013 0011 30 sin
0 114 0312 3EA4 OUT2 MVI A,OA4H ;CLOCK HIGH
0P6!5 0014 D)301 OUT I
6~1b 16 lf 3EB4 hl A,0?4H ;CLOCK LOV
O0017 0013 0301 out
61618 001A C9 lET

00021 SECT1O04 LED
00)021 :CUTPUTS LED INDICATOR INFORMATION CONTAINED IN CONTROL BYTES LEDCT
00022 %ARD LEDLTS
000,13 GLOBAL LEDDPTLEDLTS
01024 0000 860 MVI POO0H tZEPO COUNT FIELD
00025 0002 PA050 ) LDA LEDLTS ;OUIPUl PLANKING AND LIGHTSi000,;6 0005 IF RAR
00027 OC1b IF RAR
O30?3 CC37 IF LE D2 RAR

0Don9 0008 84 INR I
Of 30 1009 4F tIJ CIA
O01031 410A COOGO CALL OUTSW
0 0 032 0310 78 NOV A 9
00333 006E FE06 CID 1 09
0 0314 0010 D21861 IC LEDI

0135 0013 47 liovV IA

0l ,7 0015 C30700 )imp LED2
0r 0018 0600 LED) 141 B11 ,ZEPO COU1NT FIELD
0'" M~A300 LDA LEDirGT .;OUTPUT DIGITS
0 0 40 091D IF LED4 RAR
0)141 DOlE 64 INR I
OPLI4? IPIF f NOV CIA
oc.4 0o'2 CDC093 ) CALL. OUTSNF

Q5144 G123 78 eMov A.8
Qf;43 0 -1214 FECS CPI 084I
0O4 ,I 2b D22EII ) NC LD
Pvl47 002? 47 NOV VIA
0 '1 O0PA 79 K0~I At~
0t 01--? C3!DIO) I LEtD4

c-LED3 MVI A.06H ;STROiE LED LATCH
C? ? 'C2 4 V! A. IV 4H

0;53 0034 D341 OUT I'
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m054 1136 El IET

00056 SECTION INSHF
00057 -,SERIAL IN DATA IS PLACED IN THE NS? POSITION OF REG I
00058 0000 78 4D ,8
0001)? 0001 IF RAI
00060 0002 47 iiOV DBA

p. 0061 0033 20 RimI
00061 0104 E68S ANI 80ON
Does') 0006 DO ORA 0
00064 1007 47 hJV P* BA
00065 0003 SEA4 MV! A,OA411 ;CLOCK NIGH
00066 0OQA D301 OUT I
00&67 COOC 3034 liVi A,084H ;CLOCK LOV
DOW6 CODE D301 OUT I
00069 0018 C? RET
00071 SECTION THWI -
00072 :READ THU1* WHEEL SWITCH INFORMATION INTO DATA BYTES DECCS, DECDAY, AND
00673 ;DECMTH
00074 GLOBAL DECCS,DECDAYDECMTH
00075 0000 3EF4 MV! A,0F4H ;STROBE THUMPWHEEL LATCHES
00176 0002 D301 OUT I
00077 0004 3EB4 HV! A,104H

00.179 ecos 0301 OUT F,0 :READ DID CS VALUE
OicF0 O0eA CDOIOO ) CALL INSHF
Ce0 ODOD CDCOOO CALL INSHV
OOG2 O010 CDOO36 CALL INSHV
00V?3 0113 01060 )CALL INSHF
opi 4 t016 C1,0609 C ALL INSHF
Do 1.l OiI9 Ct-'G00 CALL INSHF

0~t6 OOCCCCOO )CALL IN*SHF
0097 OOIF CDOIO C ALL INSIIF

0~C22 210600 LXI H.DECCS
o!c"9 0025 75 ?.0v M.?
f, 90 002 0600 bo MV! 9,06H1 ;READ PCD DAY
00c~1 0t23 CDOCOO ) CALL INSIIF
@!5 2 0 1.23 COO01 CALL INSIf

r. i '2 C0C09 C ALL INSHF
ii9 03 CDOODO CALL INSSHF

O,-?5 0 "4 CO106 ) CALL INSHF
0 t "96 (; ? CDr.130 ) CALL INSHF
C0P97 003;4 C00065 CALL INSHV

0( 0DCD!00 ) CALL INSHF
unci z 21310 LXI M.ECDAY
Oe!1'9 C143 70 m~V ~ .
01 11 "44 0600 MV! B,0111 -,READ BCD MONTH
6 PI2 Q 146 C01400 ) CALL NSPhF
001 3 0049 CDrOOOO ) CALL INSHF
00 104 i4c CD1*201 ) CALL INSHF
00 10 CS 4F C D 0 0 ) CL IsS HF
0016b qcZ2 COOIOS ) CAL.L INSHV
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Qni C. PA CM1O00 CALL IWSHF " -

cfinL 1' C , Q ) ,a, CALL INSHF

00110 G 210008 ) LXI H,DECTH--
6 a i1 1 O f s t 7 0 mo v N 's..

00112 0062 CV RET
00113 

.SCI'RN1

10114 SrCT1ON PRNT.
00115 %TRANSMITS . BYTE FIELD IN PFIEI.D TO PRINTER AND INITIATES PRINTING

00116 GL.OMAL PFIELD
00117 0000 DBO1 PRNTLI IN I ;TEST FOR BUSY
00118 0002 E691 ANI 0111
Oll9 004 CAO000 ) jiZ PRNTL1
aP 120 0007 0600 NVI BOOH ;ZERO COUNT FIELD

0W11L 0D)9 Ai0 ) LDA PFIELD+I ;GET FIRST BYTE
0c122 HCC IF PRNTL3 OAR
00123 oog 14 INR I
00124 #$OF 4F MOJ CA
02125 OGIF CDOSIl ) CALL OOTSIf
01 126 0012 78 NOV A I
001?7 0013 FEOB CPI 0"H
OCT Ti 015 021DII ) JNC PRHTL2
C51 9 0018 47 NOV 9,A
09lil 001? 7? NOV AC
00131 001A C30C00 IMP PRNTL3
0013,2 ocip 660 PRNTL2 MVI F,04H :ZFO COVYT FIELD

C3133 J0IF 2AOGDO LDA PFIELD iGET SECOND BYTE
e[-134 V2?2 !F PRNTL5 RAR
00135 0023 04 INI B
0013.) 1024 4F MV C A
00137 W25 CO6OO ) CALL OTSIF
C0111 0128 78 NOV A,"
00i 0329 FE09 CPI IN1,

Dpll 2 D23300 ) jKC PRNTL4
00141 0.?E 47 poPV BA

e ll 1 0 0 3 0 C 11 2 0 0 ) 1 0 . P R N l.5 .
0C1 ; PRN0I03 4 ;STROBE PRINT COAKNDM

0033L 3E4 VI A,94H
V143 C135 D301 our I
0146 G037 3E04 mVI A, 1? 4.
00147 093? D301 OUT I
00143 003 C? RET
00149
i0o1s cECTION DV161
00151 OIPKE RFECISION DIvMDE

0152 DltI[r!D: REG D-E
00153 : I'.'1:: ;EG B-C
001 4 ; ;ET;ED IN REG D-E
00151 GLC-A,; TEtn,COUNT

00cS "V11 210000 LXI H,TEhP
,:..7 n013 71 NOV NC
0'1 o t2 04 23 It
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00160 ,'006 23 ;SET CON=7DCM
001j61 0007 3W1 P.00~H EIcuT 7D mA

DO W 1b 0 2106061 N 0L 1 LXI H ,'C ,(T ,INITIALLY IS 17DECIAL

QC0 0 lff 78 ROVAL
00165 Co1l 17 L

0016 010SFNOV E,A
DDbb D112 7F OlY AD

00163 0113 17 RAt.

00169 Om1 57 AWY ,

00170 0015 35 DCR N

00171 ob e0
0072017 79 NIov ASC

00173 011 17 NOVCt
00174 0009 4F A's C1
00175 M~A 78 mV A,

00176 0013 17 RAt

00177 ODIC 47 NOV H,
00178 0010 28 C9

0009 ~lE23DCX H p.EG 14-L - POINTS 70
0119oE2 ;DIVISOR IN NEORY
001819 1 7 Nov A,C
00182 0026 79 11

001 I20 96 SusY H
01084 2 2 3 o v I

00185 1123 "a hS89 A,
ms-', O0124 9E SIB D
011?7 0025 47 NV HD I y ~ TAD IIO

0('.-e 0026 023100 )IC NAO d Y f O D IIO

00189 O RESULT OF PVS STRCIN

1019015029 21 DCX Ii

9091 W1A 79 NOV A,C

0019? 002B 86 ADD Mi

04173 tC,1C f lJ CIA

ef1194 0020 23 IM1 0

02155 O..2E 78 KOV A's

C0196 002F BE AiC A'

0097 0130 47 MOlY B,A

0 193 0031 3F NOADD ChI

060197 C032 CUMCO JKP IXTSIT
00206
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Scalars

A ... 7 --- OD C f-l D----- 11-- 03
H 104 L 1005 H W&06 PSW - 6086 S M

DUI61b section (8135)

NOADD -- 0031 HXTBIT - MoeC

INSHF Section (1011)

LED Section (0137)

LEDI -- fil8 LED2 - 1117 LED3 - 1 s12 EED4 -- sIs
OUTSF Section (019)

OUTI - IODC OUI - 1012

PRNTL Section (113C)

PRNTI - f0l PRX012 - 1110 PEWL3 - li1C PIHTL4 - 1033 PR0L.5 - 122

THMVHL Section (01863)

COUNT Unboond Global
DECCS Unbovnd Global

DECDAY Unboond Global

DEATH Unbound Global

IEDDG1 Unboend Global

LEDLTS Unboond Global

PWIELI Unbeund Global

TEI? Unbhend Global

209 Siorce Lines 201 Asseebled Lines 14622 tes available

N)) (o assembiv errors detected ((1
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